Abstract: Here we propose a design for a broadband electro-optic absorption modulator. The device is simply a 50µm long silicon waveguide with integrated Schottky diodes. It achieves 64% modulation depth up to at least 10 Gb/s. 
Introduction
Several silicon electro-optic modulators have recently been demonstrated. However, all of them are inherently narrowband because they rely on a phase change in a resonant structure or in a Mach-Zehnder configuration [1, 2, 3] . Here we propose a simple modulator that is formed out of a single waveguide that is only 50 µm long. In order to modulate light we integrate Schottky diodes into the waveguide, which allows control of the free-carrier density in the waveguide. Schottky diodes have the advantage over traditional PN diodes of being majority-carrier devices that operate with low turn on voltage, and are very fast [4] . The proposed design has very high overlap of the optical mode with the modulated carrier density, which results in a large change in the optical absorption of the light. The device can be switched on/off/on in less than 100ps.
Device structure and results
The structure consists of a 600nmX200nm waveguide on a 50nm thin rib having a P type doping of 10 16 cm -3 , with two 10 19 cm -3 P type doped regions on the sides of the waveguide. The device consists of two 100nm wide Schottky contacts (Aluminum) on top (gate) of the waveguide, and two ohmic contacts connected to the heavily doped regions 200nm away from the waveguide as seen in Fig.1(a) . The optical mode (TM polarization) is shown in Fig.1.(b) , it takes into count the loss due to the contacts and the heavily doped regions. In the OFF state (no voltage) the loss due to the contacts and heavily doped regions is minimal, with an insertion loss of only 19% over the entire 50µm device. Fig.1 (c) shows the normalized time response of the device for one period of an applied voltage signal (inset). We used a pre-emphasis technique to increase the power of the high frequency components as previously demonstrated in ring resonator and Mach Zehnder PIN modulators [3] . The device presented here reaches steady state OFF transmission in only 40ps from the ON state and only takes 60ps to go from OFF to back ON. Such a fast modulation speed is a characteristic of using a Schottky diode. Our modeling indicates that even faster switching (at least 20Gbit/s) is possible with the tradeoff of higher insertion loss. The modulation depth of the device is 64% (~4.4 dB), a larger modulation depth can be achieved by simply using a slightly longer waveguide (~90% modulation for a 100 µm device) or higher forward bias voltage. We are currently investigating various device geometries for optimizing speed, modulation depth and insertion loss.
